). Mass spectra (MS, ESI in the positive-ion mode) were recorded with a Waters ZQ instrument. In the assignment of mass spectra of salts, M refers to the organic cation or dication.
Intermediates. Precursor I17 was purchased from Sigma-Aldrich. Intermediates I1 [1] , I2 [2] , I7 [1] , I10 [3] and I18 [1] were prepared as described in the literature. The synthesis of other precursors is described below.
2,4-Dimethyl-1-(3-trimethylammoniopropyl)pyridinium dibromide (I3):
A solution of (3-bromopropyl)trimethylammonium bromide (2.26 g, 8.65 mmol) in MeCN (25 mL) was brought to reflux, and 2,4-lutidine (1.00 mL, 0.93 g, 8.65 mmol) was added. After heating at reflux for 24 h, the reaction mixture was cooled and the solvent was evaporated to a half of the initial volume under vacuum. The precipitated solid was collected and washed twice with MeCN 
1-(3-Bromopropyl)-2,4-dimethylpyridinium bromide:
A mixture of 2,4-lutidine (5.4 mL, 5 .0 g, 47 mmol), 1,3-dibromopropane (9.5 mL, 18.8 g, 93 mmol) and tetra-n-butylammonium iodide (0.43 g, 1.17 mmol) in acetone (50 mL) was heated at reflux for 24 h. After cooling, the suspension was filtered and the precipitate was washed with acetone and dried, to give I15 (2.0 g, 10%) as a white solid (characterization data below). The filtrate was concentrated under vacuum. The resulting oily residue was triturated several times with a large volume of Et2O and then dried under vacuum, to give 1-(3-bromopropyl)-2,4-dimethylpyridinium bromide (7.0 g, 49%) as a yellow viscous oil, which was used for the synthesis of I4 without further purification. 
1-(3-(4-aza-1-azoniabicyclo[2.2.2]octyl)propyl)-2,4-dimethylpyridinium dibromide (I4)
:
2,4-Dimethylquinolizinium hexafluorophosphate (I11):
A solution of 2-picoline (4.28 mL, 4.02 g, 43.2 mmol) in dry Et2O (36 mL) was cooled in an ice bath under argon. PhLi (1.9 M solution in Bu2O, 23.9 mL, 45.4 mmol) was subsequently added in small portions via a syringe.
The dark-yellow solution was stirred in the ice bath for 20 min, then at room temperature for 1 h and finally cooled again in the ice bath. A solution of 1-(2-methyl-1,3-dioxolan-2-yl)propan-2-one [6] (9.34 g, 64.8 mmol) in dry Et2O (12 mL) was added. The reaction mixture was stirred in the ice bath for 15 min and then at room temperature for 30 min and finally poured into an S4 ice-water mixture (100 mL). The organic phase was separated and the aqueous layer was extracted with MTBE (3 × 50 mL). The combined organic phases were washed with water and brine, dried over Na2SO4. The volatiles were removed in vacuo, yielding a brown residue containing the crude 2-methyl-1-(2-methyl-1,3-dioxolan-2-yl)-3-(pyridin-2-yl)propan-2-ol (4.44 g). The residue was dissolved in Ac2O (10 mL) and H2SO4 (96%, 0.50 mL) was carefully added. The mixture was heated at reflux (bath temp. 150 °C) for 3 h, then cooled to room temperature. Ice-water (20 mL) was subsequently added and the resulting mixture was left to stir overnight. Charcoal (1 g) was then added and the mixture was filtered. 2,4-Dimethyl-1-azaquinolizinium hexafluorophosphate (I12) [7] : A mixture of 2-aminopyridine (1.00 g, 10.6 mmol) and 2,4-pentanedione (1.31 mL, 1.28 g, 12.8 mmol) with polyphosphoric acid (10 mL) was stirred at 90 °C for 3 h and then poured into ice (60 g). A
solution of NH4PF6 (6.93 g, 42.5 mmol) in a minimal volume of water was added to the melt. Synthesis of dyes. Dyes 1a, 7a, 17a and 18a were prepared according to the published procedures and gave satisfactory 1 H and 13 C NMR, MS, and elemental analysis data [1] . The synthesis of the dyes 1y (BCVP) [10] and 2a [2] was described elsewhere. The purity of all dyes was confirmed by the HPLC analysis.
General procedure for the synthesis of distyryl dyes by Knoevenagel condensation 1 : A mixture of the heterocyclic salt I1-I16 (2.5 mmol), aldehyde (7.5 mmol, 3 molar equiv, unless otherwise stated) and piperidine (0.50 mL, 5 mmol, 2 molar equiv) in EtOH (25 mL) was heated under reflux for 2.5 h. After cooling to room temperature, the precipitated solid was collected by filtration, washed with EtOH (2 × 5 mL) and Et2O (2 × 5 mL) and dried. The crude iodide salt was either purified through a recrystallization from a suitable solvent (as indicated below)
to give an analytically pure sample, or subjected to anion exchange to bromide or chloride, as described below. 
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1-Methyl-2,4-bis((E)-4-(methylthio)styryl)pyridinium iodide (1g): Prepared in 20% yield
from I1 and 4-(methylthio)benzaldehyde, followed by recrystallization from MeCN-H2O. 
2,4-Bis((E)-3,4-dimethoxystyryl)-1-methylpyridin-1-ium iodide (1h): Prepared in 63%
yield from I1 and 3,4-dimethoxybenzaldehyde, followed by recrystallization from MeCN-H2O. 
2,4-Bis((E)-2-(6-methoxynaphthalen-2-yl)vinyl)-1-methylpyridinium iodide (1i):
Prepared in 39% yield from I1 and 6-methoxy-2-naphthaldehyde, followed by recrystallization from 
2,4-Bis((1E,3E)-4-(4-(dimethylamino)phenyl)buta-1,3-dien-1-yl)-1-methylpyridinium chloride (1k): Prepared in 42% yield through the reaction of I1 with 4-(dimethylamino)
cinnamaldehyde in a mixture EtOH (30 mL) and CHCl3 (5 mL) as described above, followed 
2,4-Bis((E)-2-(4-(dimethylamino)naphtalen-1-yl)vinyl)-1-methylpyridinium chloride (1l):
Prepared in 50% yield from I1 and 4-dimethylamino-1-naphthaldehyde, followed by ion exchange to prepare the chloride salt and recrystallization from EtOAc-MeOH. 
2,4-Bis((E)-4-(diphenylamino)styryl)-1-methylpyridinium chloride (1m): Prepared in 10%
yield through the reaction of I1 and 4-(N,N-diphenylamino)benzaldehyde in a mixture EtOH (25 mL) and CHCl3 (10 mL) as described above, followed by ion exchange to prepare the chloride salt and recrystallization from MeCN-EtOH. 
2,4-Bis((E)-2-(1H-indol-3-yl)vinyl)-1-methylpyridinium chloride (1o): Prepared in 11%
yield from I1 and indole-3-carbaldehyde, followed by ion exchange to prepare the chloride salt and recrystallization from MeCN-EtOH. 
1-Methyl-2,4-bis((E)-2-(6-methyl-1H-indol-3-yl)vinyl)pyridinium iodide (1r): Prepared in
54% yield from I1 and 6-methylindole-3-carbaldehyde, followed by recrystallization from S13 
1-Methyl-2,4-bis((E)-2-(5-(dimethylamino)-1H-indol-3-yl)vinyl)pyridinium iodide (1s):
Prepared in 10% yield from I1 and 6-(dimethyl)indole-3-carbaldehyde [11] 
2,4-Bis((E)-2-(6-methoxy-1H-indol-3-yl)vinyl)-1-methylpyridinium chloride (1t):
Prepared in 51% yield from I1 and 6-methoxyindole-3-carbaldehyde, followed by ion exchange to prepare the chloride salt and recrystallization from MeCN-MeOH. 
1-Methyl-2,4-bis((E)-2-(7-aza-1H-indol-3-yl)vinyl)pyridinium iodide (1v): Prepared in 40%
yield from I1 and 7-azaindole-3-carboxaldehyde, followed by recrystallization from MeCN. 
1-Methyl-2,4-bis((E)-2-(1-methylpyrrol-2-yl)vinyl)pyridinium iodide (1x): Prepared in 65%
yield from I1 and 1-methylpyrrole-2-carboxaldehyde, followed by recrystallization from MeOH. 
1-Methyl-2,4-bis((E)-2-(1-benzofuran-2-yl)vinyl)pyridinium iodide (1z): Prepared in 62%
yield from I1 and 1-benzofuran-2-carbaldehyde, followed by recrystallization from MeCN-H2O. 
2,4-Bis((E)-2-(6-methoxynaphthalen-2-yl)vinyl)-1-(4-(triethylammonio)butyl)pyridinium dibromide (2i):
2,4-Bis((E)-4-(dimethylamino)styryl)-1-(3-(trimethylammonio)propyl)pyridinium dibro-
2,4-Bis((E)-4-(dimethylamino)styryl)-1-(3-(4-ethyl-1,4-diazoniabicyclo[2.2.2]octyl)-propyl)pyridinium tribromide (5a):
2,6-Bis((E)-2-(julolidin-9-yl)vinyl]-1-methylpyridinium bromide (7b): Prepared in 77%
yield from I7 and julolidine-9-carbaldehyde, followed by ion exchange to prepare the bromide salt and recrystallization from MeOH. 
2,6-Bis((E)-4-((2-hydroxyethyl)(methyl)amino)styryl)-1-methylpyridinium iodide (7f):
Prepared in 39% yield from I7 and N-methyl-N- (2- 
2,6-Bis((E)-2-(6-(dimethylamino)naphthalen-2-yl)vinyl)-1-methylpyridinium bromide (7n):
Prepared in 54% yield from I7 and 6-dimethylamino-2-naphthaldehyde, followed by ion exchange to prepare the bromide salt and recrystallization from MeOH. 
2,4-Bis((E)-4-(dimethylamino)styryl)-1-methyl-6-phenylpyridinium chloride (8a):
Prepared in 31% yield from I8 and 4-(dimethylamino)benzaldehyde, followed by ion exchange 
2,4-Bis((E)-4-(dimethylamino)styryl)-1-methylquinolinium chloride (9a): Prepared in 43%
yield from I9 and 4-(dimethylamino)benzaldehyde, followed by ion exchange to prepare the chloride salt and recrystallization from AcOEt-MeOH. Shiny dark-green solid, m.p. 
2,8-Bis((E)-4-(dimethylamino
4,6-Bis((E)-2-(5-methoxy-1H-indol-3-yl)vinyl)-1-methylpyrimidinium chloride (14p):
Prepared in 48% yield through the reaction of I14 with 5-methoxyindole-3-carbaldehyde, followed by ion exchange to prepare the chloride salt and recrystallization from MeCN-MeOH. give the analytically pure dye as an iodide salt.
4-((E)-2-(6-(dimethylamino)naphthalen-2-yl)vinyl)-1-methylpyridinium iodide (17n):
Prepared in 24% yield through the reaction of I17 with 6-dimethylamino-2-naphthaldehyde, 
4-((E)-2-(5-methoxy-1H-indol-3-yl)vinyl)-1-methylpyridinium iodide (17p): Prepared in
58% yield through the reaction of I17 with 5-methoxyindole-3-carbaldehyde, followed by recrystallization from MeCN-EtOH. 
4-((E)-2-(5-dimethylamino-1H-indol-3-yl)vinyl)-1-methylpyridinium iodide (17s):
Prepared in 29% yield through the reaction of I17 with 5-(dimethylamino)indole-3- 
4-((E
)
2-((E)-2-(6-(dimethylamino)naphthalen-2-yl)vinyl)-1-methylpyridinium iodide (18n):
Prepared in 38% yield through the reaction of I18 with 6-dimethylamino-2-naphthaldehyde, . Absorption studies were performed either in the same buffer or in spectroscopic-grade solvents (methanol and DMSO). Dyes were dissolved in DMSO to obtain 4 mM stock solutions, except for the dyes 1d, 1ð and 16a, which were dissolved at a concentration of 1 mM, and 1m, which was dissolved at a concentration of 0.5 mM, due to their lower solubility. Stock solutions of dyes were stored at −20 °C. Dye solutions were kept in the dark at all times, to avoid photoinduced degradation. Absorption studies. Absorption spectra of the dyes in K-100 buffer, MeOH and (for some dyes)
Synthesis of 4-((E
DMSO were recorded at 20 °C and dye concentration of 10 µM in quartz cells with a path length of 1 cm, using a double-beam spectrophotometer (Hitachi U2900) operating at a S31 spectral bandpass of 1.5 nm. All samples were checked for the absence of visible precipitates at the moment of the measurements.
Fixed-wavelength fluorescence measurements. All fluorescence analyses were performed with a microplate reader (BMG FluoStar Omega), using a 96-well quartz plate with a transparent bottom (Hellma). Samples were prepared by mixing working solutions of DNA samples (5.6 μM or equivalent in K-100 buffer, 90 µL) or the buffer alone with working solutions of dyes in K-100 buffer (25 μM in K-100 buffer containing 2.5% v/v DMSO, 10 µL). The final concentrations were 2.5 μM for the dye and 5 μM (or equivalent) for DNA in a total volume of 100 μL per well. The plates were stirred for 3 min at 300 rpm and then left to equilibrate for 1 h at room temperature in the dark. Fluorescence emission was recorded by using a microplate reader, exciting each dye at the appropriate wavelength with the aid of appropriate filters (Table S1 ). The instrument gain was set for each channel and kept constant throughout all the analyses.
Multivariate analysis. The light-up data matrix reported in Table S1 was normalized to a scale of 0 to 1; normalization was always performed for each nucleic acid sequence separately.
Multivariate analysis (PCA) was performed with Origin Pro 2018b (OriginLab, Northampton, MA). The PCA data are presented as score plots of PC1 versus PC2. where Φ is fluorescence quantum yield and εmax is the molar absorptivity coefficient in the absorption maximum. As above, the subscript sample denotes the dye or dye-G4 complex. 
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